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Figure S1(a,b,c). Physical composition space images of a Bi-Mn-Sm-Ni library plate on a-SiO2 
substrate (a), and the corresponding direct allowed band gap (b). The direct allowed band gap 
map for the library plate in Fig.1 on an FTO substrate is shown in (c). The composition-optical 
trends are similar on the 2 different substrates, with the higher quality of the library on FTO 
motivating its use for optical analysis in the main text.
 
 
 Figure S2. The fractional transmittance (T) and reflectance (R) spectra corresponding to the 
calculation of optical absorption spectra in Fig. 2a 
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Fig. S3. The portion of the XRD patterns from Fig. 3 where peak shifting between the XRD 
patterns for Sm2MnNiO6 and Bi2MnNiO6 is most apparent. Considering the relative position 
from the strongest peak in the Sm end member phase and the average position of the 
corresponding doublet peak in the Bi end member phase, the peak positions in the XRD patterns 
for the x = 0.2 to 0.5 samples correspond to an average lattice constant that is 30-50% shifted 
from that of the Sm phase toward that of the Bi phase, providing the best estimate of the Bi site 
occupancy from the thin films samples. 
 
 
Fig. S4. The portion of the raw XRD measurements (no background subtraction) of the XRD 
patterns in Fig. 3 in the vicinity of the primary Bi2O3 peak. The intensity of this peak as a 
function of Bi concentration x is shown at the right, where the intensity at x = 0.4 corresponds to 
a broad feature that by itself would not be recognizable as a Bi2O3 peak, suggesting that the onset 
of crystallization into this structure occurs near this composition.  
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Figure S5. The thickness scaled absorption coefficient  ×  and direct allowed optical band gap 
of 3 additional Bi-Mn-RE-TM libraries as a function of composition spanning two quaternary 
compositional lines, analogous to Fig. 5. The Sm-Ni line from Fig. 5 is included for comparison. 
Sm-Cu has fewer data points as this library was synthesized with 10% steps instead of 5% for the 
others. 
 
 
Figure S6. Direct-allowed absorption spectra from a representative Bi-alloyed Eu2MnNiO6 
double perovskite plotted with dashed linear segments used to extract the band gap value of 2.1 
eV (see also Fig. S5b). 
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Figure S7(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-Sm-Cu 10 at.% library of an FTO substrate.  
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Figure S8(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-Eu-Ni 5 at.% library. 
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Figure S9(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-Eu-Co 5 at.% library. 
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Figure S10(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-La-Co 5 at.% library on an FTO substrate. 
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Figure S11(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-Yb-Ni 5 at.% library on an FTO substrate  
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Figure S12(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-Er-Ni 5 at.% library on an FTO substrate. 
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Figure S13(a,b). Physical composition space images (a) and direct allowed band gap (b) of a Bi-
Mn-La-Ni 5 at.% library on an FTO substrate.  
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Note on Tolerance factors 
The Goldschmidt tolerance factor, t, is an indicator of the stability of the perovskite structure 
based only on the chemical formula and the ionic radii of each ion: 
 
As noted in Ref. 1, for 1.00 > t > 0.97 the most likely structure corresponds to the I 4/m 
tetragonal space group, and finally, if 0.97 > t the compound becomes either monoclinic (P21/n) 
or orthorhombic. 
Using ionic radii from Ref. 2,  with extrapolation required to estimate the 12-coordinate radius of 
Bi3+, we use 12-coordinate radii of 145  pm for Bi3+ and 124 pm for Sm3+; 6-coordinate radii of 
53 pm for Mn4+ and 69 pm for Ni2+; and 2-coordinate radius of 135 pm for O2-.  
In the absence of Bi, t for Sm0.5Mn0.3Ni0.2 is 0.942. When substituting 20% Bi into Sm site, t 
increases to 0.973. The increase in tolerance factor is indicative of the reduction of the tilting of 
the octahedral, which is near the upper limit for typical formation of a structure with P21/n 
monoclinic symmetry. This increase in t with Bi alloying motivates further study of the influence 
on distortion including a possible transition to a tetragonal perovskite with increased alloy 
concentration, and consideration of whether the increase in t is related to the solubility limit (at 
ambient pressure) and/or lowered synthesis temperature compared to the Sm end-member phase. 
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